The aim of this paper is to investigate, from theoretical point of view, the optical spectra and EPR (g-factors) parameters for Mn 4+ :LiGa 5 O 8 . The optical energy levels scheme has been obtained by the diagonalization of the Hamiltonian of the system, using all 50 wave functions of the LS terms of 3d 3 electron configuration. The crystal field parameters have been obtained in the exchange charge model of crystal field, taking into account the structure of the host matrix and effects of the covalent bond formation between the Mn 4+ with O 2− . The satisfactory agreement with experimental data is obtained.
Introduction
The study of spinel metal oxides has recently attracted a great deal of attention due to their unique properties and potential applications [1, 2] . The intense interest in such materials is derived from their unique chemical and physical properties, which gives rise to their potential uses in the fields of nonlinear optics, luminescence, electronics, catalysis and optoelectronics [1] [2] [3] [4] [5] . The spinel LiGa 5 O 8 has been used as a host for luminescent studies of many transition metal ions [6, 7] . Besides this, LiGa 5 O 8 has been widely studied to test its viability as a tunable laser system [8] .
LiGa 5 O 8 adopts an inverse spinel structure with space group P 4 3 32 (constant lattice a = 0.8203 nm), with four formula units in the cubic cell [9] . [10] . In Fig. 1 [12] . The first term refers to the contribution originating from the electrostatic interaction between the valence electrons of an impurity ion and ions of crystal lattice. The latter is proportional to the overlap of the wave functions of the impurity ion and ligands; it includes the effects of the covalent bond formation and the exchange interaction. The inclusion of these effects significantly improves the agreement between the calculated and experimentally observed energy levels.
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The ECM has been successfully applied for the calculations of the energy levels of both rare earth [13] [14] [15] [16] [17] and transition metal ions in different hosts as well [18] [19] [20] [21] [22] [23] [24] [25] [26] .
When calculating CFP, a special attention should be paid to the convergence of the lattice sums. As a first approximation, it is possible to consider the nearest ligands only, but since the second rank point charges parameters B k 2,q decrease slower than the fourth rank parameters B k 4,q (as 1/R 3 and 1/R 5 , respectively), the contribution of the ligands from the second and further coordination spheres can be quite significant. To increase the accuracy in calculating the point charge contribution to the CFP, large cluster consisting of 9718 Ga 3+ ions, 1958 Li + ions, and 15488 O 2− ions was considered. This cluster enables taking into account the contribution of the ions located at the distances at least up to 4 nm from the central ion. For the exchange charge parameters only the nearest ligands were taken into account, since the overlap between an impurity ion and ligands from other than the first coordination sphere can be safely neglected. The overlap integrals between the Mn 4+ and O 2− ions needed for calculating the exchange charge contribution B k p,s to the CFP were computed numerically using the radial wave functions of the above mentioned ions given in [27] . The dependences of the overlap integrals on the inter-ionic distance r (r is measured in atomic units) were approximated by the exponential functions given in Table I . The CFP values obtained by using ECM model, exponential functions from Table I for the overlap integrals and crystal structure data from [28] (which provides the Cartesian coordinates of the ligands in the system of reference defined with respect to the crystallographic axes) are shown in Table II. As seen from Table II, Regarding the spin-Hamiltonian parameters, in absence of the experimental data (in paper [29] this was not measured because of the overlapping with the EPR of Mn 2+ ions) we calculate them by using the density functional theory (DFT) method and program ORCA [30] . Therefore, we obtained for g the following values: g x = 1.9251, g y = 2.0010, g z = 2.0023. The parameter g has three distinct values because the local symmetry around impurity ions is orthorhombic and belongs to the C 2 point group.
The crystal field Hamiltonian was diagonalized in the space spanned by all 120 wave functions of the 3d 3 electron configuration. The adjustable parameter G was defined by fitting the calculated position of the first spin- T 2g absorption band. Finally, the obtained energy levels are listed in Table III .
Discussion
The determination of Mn 4+ centers from the optical data is fairly clear and consistent with previous works on the isoelectronic Cr 3+ in the same material [29] . 
Conclusion
In the present work we report on the detailed crystal field calculations of the energy levels for Mn 4+ in LiGa 5 O 8 . The ECM was used to calculate the CFP with taking into account the effects of the covalent bond formation between the Mn 4+ and O 2− ions. The influence of the low-symmetry component of crystal field on the splitting of the Mn 4+ energy levels was also considered. The calculated CFP values were used for diagonalization of the Mn 4+ Hamiltonian in a complete basis set spanned by all wave functions of the LS terms of a 3d 3 electron configuration. The calculated energy levels are in the agreement with the experimental data available in the literature. In addition, we calculate the g tensor using DFT method and obtained for them three distinct values because the local symmetry around impurity ions is orthorhombic and belongs to the C 2 point group.
